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(54) GALLIUM NITRIDE WAFER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a circular wafer 
of gallium nitride in a practical shape for the first 
time that has not previously existed. 

SOLUTION: The wafer is an independently circular wafer 




V*'^ 





of a hexagonal system doped with oxygen in a 
concentration of 10 16 cnrf 3 -10 20 cm" 3 , far more 
transparent than a gallium nitride with the plane 
direction {0001}. The periphery of the wafer may be 
corner-chamfered both from the front and back side at an 
inclination angle of 5-30 degrees or round-chamfered 
with a radius of 0.1-0.5 mm. 
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(57) [Bffi] 

[JH$f*R] 1 0 1 8 cm" 3 ~1 O 2 0 cm" 3 (O 
F-^Stite^**»t? {00 0 1 } mJ)& 
<DSMfc;tf U O A-WBflJ: 0 ft 9 ?1HJ~c& o tttS O/cR 
flSO^x^vc & -3-C«lH08iaiiHIIM* 3 »6^*IBI5* 5 * ~~ 
3 0* (DMi4ft*CCMIK»3 l//c9, 0. 1-0. 5 mm 




(2) 

1 

Itmm 1 ] ttSLfcX {0 0 0 1 } W%tiL0>mti} 

<ommn xmm ou^ci *mr& t ? zmttf 
im>m2 ] tt&mx {oooi} mjsiiKomtrt 

^-C&-oT9mN±WZ-mo. lmm-O. 5 ram 
CM#B3 ] tt&JhX {0 0 0 1 } M#te<D^{t# 
Mt&^&ftfetD^-ftik (hkmO) *jf&ic#XO 

im>m4 ) a^srt {oooi} wfiwomtrt 

x/n-c* x?mm<o— spec*? c*r»paB5*K 1 £ ^ 20 
JIS8l*#£^0 <b 0 ffi<tj6£T£?fBfjIfii {1-10 0} X 

[ei^5 ] /v^ffi^-c (ooon nn^icDMib^/ 

^2<b^^^5f^5>^ttlO<hDliiE^^ {1 1-2 
0} lr^)^7 7^ h^^/c^^r^iT^Mft^ 

tis*iR6 ] tt^&x* {ooon m-tummtrt 30 
^xfo^x$m%m—mu6\,*x^Bmft*wK)t 0 

®6aScT^#^CDJS^fi (hkmO) *7v;?tcl!b<D 
fctSWfc c <h «r49A ± ?Z&ikt? U 0 a £ x;\ 

im>mi ] 1 0 1 9 cm" 3 -1 0 2 0 cm" 3 <D 

~6<Dli-rtl^CCfa*ScD^fc^/>J '>A^x^ 0 
[li>R3S8 ] 1 0 1 6 cm" 3 - 1 0 2 0 cm" 3 <D AO 
iSBTCtt* F-^Stifcc iiWWki-rSBI*! 1-6 

[0 00 1] 

aonjK-jx^ccKi-r^. sfttfusA^aw* (Ga 

^C*& 0 (Hexagonal) CCSflT&o 

*HM8»tt<ui^>te (ZnO) W-fe^^-Y 

K (LED) iUGa N^CDfRT-ttKfc^ttlCJK 50 
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[0 00 2] GaNWea«a«f«:ttgtaoaCi. Ga 

NttWEErwJjaJSiTSiiefficcflL^ur 5. *p&o 

Sr£iOTcfc< £D6tofcCzochra1skiv£ (?|*±tf 

&) , Bridgnan& C — h&) &£rfctt£ffi«fcK£-|±£ 

[0 00 3] 

$»!?fcl:GaN(D«)x;^*5^6 t fi£ 
[0 004] jfeaS© cfc 0 OC G a N m^ B S Bt3:3ffi^<Dgu^riX 

£&*GaNSH<D±CC % nSL p£!£>GaN, Ga l 
n N, A I Ga I nN^i'«W$ti^, — 7"P 

««^ft¥»tlfifeBffi (MOCVDft) t i^b 
©atlfiJEfiffi (MOCffi s *3R<fc«J»tlflEfttt (HV 
PES?) Tfc*. 

[0005] cn&tt^o±«c«R&^-rsfc«)© 
led ^ficcsfjg $ nr c > a . ^ ^ r + t^H^^,^ 

[0 00 6] L^OI^^t ^1"©cM^*SSSffi (0 0 
0 1 ) GaNOcKOOOl) tfi&fHem&f 

0§<iU5C t "W&L EDf 

^tcltto j"t^/ c $ $r^,^ 0 
[0007] t7 r ^+tt»n^at>©r««W«:WIK 
<^^>->^) L/t'»/7 7'/t')x;N^f|^©GaN 

Wrft^A^mSS^jl^fec^ ^Ctn - G a NJB& 

(ptSffi, nil) 3&a^nt> 

[000 8] fmE$L ^BiSK^iS^CDT, GaN, 
Ga I nmmte&m<DXmWft*&?2>. U^O^CD 

±ecfBK U/c*fel63feG aN-LEDttKCc*< (DUS 



(3) 

3 

O^atfe^Tl^. GaN/t77^fSLED(ilI 

[00 0 9] L*LC©<fc5a:^V^-CWatEtt1^^ 
7-ft»5x;\-Cft5. GaNS1g<tU5fe0CM?&L& 
l>. GaNWt7?>f +*«<Z>± tcffl < JfcfiJE 3 ft fc»« 

tcch^yy j^wmbtcm^mic-rgK^o i&itutc io 

GaNSJg-Ctifc(,\, 

[0010] «_H*itfeL E D (|63fc#*f * - F ) OtB 
£"Cfo6„ (LD) £tt6£/J>L»W*Wtt 

Cc<d^^-C4>5. t^T^+ffiSUi<DGa N-LD*i 

[001 1)812 «7v#«® (Hexagonal Closest Pa 
eked; HCP) *&^fiJ3§£^r. j»^##*st(D« 20 

Mv ±EW>i>Cc lffl<DJ^#*5. l/2<Dlti£Ccfol> 

(oooi) ^Annr* 6 5 <l c t #t««(ct>» 

6, 2aBWR-f-*dtffc<DJtt6 (000 1) CDffeCC { 1 

-loo) **»BaMtcft«?iflBttfc*o*9yeii^c 

<t 5. 30 
[ 0 0 1 2 ] H 1 3 CSt^ t A tOttffltt-C* >m 
^M3tOM-Piil!Cc^ (O) M-P^A0, 4ocda 1 
M-P » 4 o (DKKJH-T- CC r> T jfcfiS £ ft & ;ElOTf£CD t|n 

*>Hns$i»f*fi fetter a»» & jtca 

<T, TEJjiaZfc (Trigonal) T#>6 0 ft^fcttA 1 ~0 

as^icjua-rs. o-o, a i - a iis^«aar*5 

#\ *&l^*K.t§^H:r**. A 1 0#&CCJ:oT±T 
IS£a«8[fl:Sft (0 0 0 1 ) 3ftJ»PHBBT?«JCt< A 40 

1 MPO^H>rW*#aEO^:^)CC {1-10 0} M*>M?D8IE 
Vtefo 0 fed; 9 ttiRW:? r +$cgtga#s# 

[00 13] /^6*77-f+S«LD©«^ it-JM2ff 

W+S«GaN*LDJ:9fc«»r*S 0 ^(iGa 
N^O^iW L D UZtttc. tD*>C Wftli. 50 
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[0014] * 5t?ttfc< rjsm<o^u^7 t -Y +®K 
fcflH > £ rt> 6 * <D «fc 5 fc^fl* * S/ctfT?* 3 . i&t$a 
G a NStR*i & bfffiEftiK, ZnSe^LD CcElSW 
^GaNlLDmj;^ 

[0015] G a N«fiffl*Br ttraffilfilltSS (ZnS; 
zinc-blende) &<h3 0 C fttaG a A s £[^Dr;fcfra 
X (cubic) icJSU 4@SIBt4v 3I§MMfe, ^Bfo&s 
$>£ (-43m). <fcOiS'®rtt % Si^SiTA^ffiCD® 
£rCC&£ 0 

[0016] JMltdtf, <fc 0 *ffl-CI*7^* (Hexaqo 
nal) (ZnO) #<Ll-*}ft£ 0 B 

1 4«A^aGaN<Dtt^-«jS?r7T?"3- 0 ^HfjrWSG 
aNil^cDtt/v&S©*><D«:ilST. HCPCDMPfig 
CC# y AjmP^fiT^o /AftttO 6 *<Z>^$j^<D 3 
/8 0i®£fc:6o<D^ft (N) JKW**. l/2<D<m 
£ CC — cc i^c3 o^JE^ft^^feSCC^ U 
■^^raa^ftf^. ^<DGaM^<7)SLUc, 7/ 
8©H3T3o(DNM^#*S. CftteSGa, 5N% 

^> 0 NttGa^^iEE3ffl{*<D^WC*S. GaNODife 

l\ G a N CD«E*g£fc£S3 # 3/8t^ 
W"3*fe***>6 (0 00 1 ) ttfSHb&O*. 2$:^]^ 
/c^r^rtf (1-10 0) *5»BBffijd:3EcS 0 ^0<fc^(c 
G a N WWlllft @ MSSfn^ A i C> 55pJjS & 
[0017] L^UttsWfeGa N<D*SWSa%^4(0tt 

< aiUtSi^iSt* c i (c J: 0 G a N<D3*AZ:Su ra H 

^>o ^<D#ISaSlg^*^e > ^X/\«bI»^iC<5:t>r 
#i 5*5, */c-J^£^$ <I10-18 mmftllS© 

[0 0 18] cn*n^x^CCL//cl^<D^C*-2> Q T 

weefc-,^^^ ™«s 4 ^ < m emme att h r 

CDG a N tta**ft ^ n ^> . C *1 «: glj o r Aft Jf^<D-> x 

<D«5t3zECDJ: 5 CC 1 0 mm- 1 8 mmftfltt^ftSOB 

[0019] ftl6«GaN-L D(DS«<b UTSIJRM 

0GaNl«©^j8LTHS § ^tGaNlfCDl 
CC G a N ^® ^rit^^vt If ic L D 3 

nri^ 0 u/j>b*/cic^Wu^;i/ro[)2 -r>^± 

<Df5<DR Jf? GaN»)xnioHW]?at^K 
[0 02 0] tf^r^^ GaN£{»b>>cOr, ^tc 



5 

Ztihte^Tri&S i >)x^GaA s ^x^Cc 

r*rDt, S i«#-Y+*>Ffi. G a A s (XRIStfitt 

(zinc-blende) -C&£ 0 
[002 1 ] <D**W2 - 1 44 90 8-^ r^OBfflKB 
OlSifc&ffij B\ S i Ox^tcteUT, SSIfiiSIfiifcKJJiJ 
T&to£>0C\ OF (t'Jx>f-Va>77^h) <hC 
F h 'J v*?V*5v b) 4^5% T^^> r 

«H*sOFiCF*|ffljioT4fetli-r*Ci^ft5 % io 

* > h ss«k o ft ig& t&m *r & © t? » £ * & 

[0022] <2)^BPS6 0 - 1 6 7 4 2 6# r^ft» 

irOiaw*JS«ii/rir**. s i 9x^jw*ni£<frr*<D 

^CT2OF<Df^t>0tcU-1f^-A"Cttgl mm, 
OF<Dttl^XJvC*4. J*4>»#(C®!SLfc*^ » 

[0 02 3] ®*f$BB 2000-33 1 898 r^-^ff 30 
O-Jx/^ OFilF (-{>f '^^77 v h) £2 

fctoic x n - * 6 HIJftT & <h I > 5 «:Bi«r}S»T 

[0 024] -tcr^J15CCW , 5IR5<Drtttt<r ! >x^ 

l\ ta^TH*. GaA s ^x^r^|3SrBW0T6ch 

£ : % 6 t>mx h z> frfttetai x&t>frhtei<>o -e c x n 
r>xox^<Djs&±§km 3 &ffiOx\i>2>. 

[0 02 5 ] ®»¥7~2 1 1 60 3^ r^x^ftn 

x^rr£j «s i ^x/^coF^sft^sinjasuiiDBasB 
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[0026] (5>'#BBIia5 8-71616^ rzpmtifi&S. 
(DM&fi&l S i y*»<Dmm%:ftfr*)'P?<1r2> 

fc*«:Jtai«» *1EK 0 -T * tt <sr lt , *KA*ttMc j JP 

[0 02 7] <5>'#B3¥8--3 16 112^ ry,^J 

<Dmmc/b$\,>s y r&tfwx-friiL&TriO. mm±i%$: 
mmimmcmfR*) vxmM<om^^x^ 9 im 

£<Do^tmmx&z>* 

[002 8] Q>T* 0 tfWttJS 6 1 7 7 2 9 2-^rMetho 
d For Forminq GaN Semiconductor And GaN Diode With 
The SubstrateJ^, WHtW&fo («*tf*^T-^+) 

(CAntGaNIM5 0-1 0 0/imWl, 

^0 31UtcJ:or, 3 0 0 MmgS©l»0Ga Nf4S 

[0 02 9] 

WWJ/ccl^Ci^^ GaNCD2^>^@AlR 

jg^x^^-ctr/ccbor, ruiffl**?^^*. Ss-r^ 
x j n (D^M <b RBB**KJS9 3 tift ^ n tf 6 C ^ ^ t 

X^M■^^x/^y^^r^cc^l^r^cc< U><b(/^ C<L^» 

[0 0 3 0 ] S i ^x;\ Ga A s ^x^cDJ^a CSfSEi 



7 

*Si'?^<D#ftStt^^9cc< tits 

m<ommmm ~> n >t & gtacc <t o t *soesu« 

ll\ Ofiife!H©Ttl!l(D±«:ffi< ijSWIR©*?^*^* 
&*s*S<DEJ5iiar«r*&Ci 0 t<D»£#sSi, Ga A 
s^XAiI^iC5W 0 ^CTjZtW&GaNOSg 
S*^SCcKai|*c* & J: 9 CC U/cG a N V x^fcjftifrr 10 

[0 03 1] GaNH £JR^»i*£U5<fc9fcH2^ 
5 v*fcifiW»tt*fcft, HtettSi, GaAsJ:H 

«!»Cc J; o TJKiM t> 6 RJ££ x;n 3= 

[0032] 

x^«, 1 0 1 6 c m" 3 - 1 0 2 0 c m" 3 (DiSStC 
BBR**CittS/U3> l-^Sn/cASKt {0 0 0 

bp£5- -3 0- (Dimmx-mm.*) (cmiro) u/c& 

<DT&& 0 *5miCIK0©ftt)0 KJ*JS»£ti** 
SO. lmm^O. 5mm(DRaffiM£&£J:5$aflK 

[ 0 0 3 3 ] JSt.mzmittfVV A^x^ 1 0 1 0 cm 
- 3 - 1 0 2 0 cm" 3 <Dm&VffimF-72tltcsKj5 

M*m~c {ooo i } wfitst&SHtrtv oj±m£M*£ o & 

— SIHctoOT *3 Jf28|5#£$J 0 IR 0 BB4 M*yt£>*S 

(hkmO) %m$?cib<Oy ~> v hBBSrKtfS. 
[0034] »je©«fJK!fttt l/T/c£;U;£S?Bflffij { 1 

-loo} zm&zt&xzz. &z>i>ttmmm<tc&£. 

?h {1 1-20} BSrWJEOISfl^tii UTiUlRLSl 40 

[0 03 5] ^cU6i^X/>^g|5(D---?Sf5tC^^r^g|5 
^€r^0^0M<bia^T^^5EOj£^tt (hkmO) 

[0036] 

c»w<d**<o}^«] [i. mmzvzmk-cwTR*) otc 

RSGaN")XA (01) ] 8itn»©GaN->XA 
(DMI^<D§5nuiJ, Sfflffi*¥iItt#HEiK: <fc o TMIK9 U 50 
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fc£><DT#>£ 0 Ctl^rCffiim^ <bP^ 0 GaNiiGaA 

s-^sij:^ *>icmmm< rwKtKt*. ^ft/cw 

(C««c»i » <h C <b * -5 . ■? x^CD^fe o ^jaiKSB 
A4KtSSfiHft fWUBSg-r «-iJH«»*^fc 0 *T &S:ft 

mmoftffiaw:, 5* -30* t*s. ^x^ 

<DWM~X3 5 0 urn-- 5 0 0 u m|MKT#>£ 0 110© 
cfc5&@ipfi-rSiSE7(C«fc-oTGaN»5x^fl[>®»S:W 

[0 03 7] S i v GaA s J; 0 t>lffi^6fiSEfc<fc 9 

SS»J3 T * & & EifTC gBdtt^Hr ST t>& < 

[0 03 8 ] 3 6CCGaNCCtt!RIR* F-^l/tiifflfi 
zSti^X^ 0 GaN«©LD1>LE DC/cfcCDlfi^ 
x/> <h U/c^^caS^TCc n m@^{^^^7 v — I 
*ttJ-rc<t^^^ o K-^flilO 1 6 -10 
20 cm' 3 *ME<tir&o 

[0039] [ 2 . mmu%mmfct>tc^xwmm% 

fcoJ:^nuIR0 U/cnjf5GaN^x^ (H2) ] JgPjT 
RJf$<DG a N x^o^fco^M^^ailfR^c^^r R 
ffi«MtCj;oTffiIRt) L^:fc<DT*S. Cti*RifiiK 
0<bU5 o GaNWGaA s-£S i J: D 5 6CCfif SfcK 
< H»»3W^W 53Bn*s* 01 CDHaX 0 «*fi*4MT 
BfllR D T ^ * 6 ^> „ ft CC 2 HWHIT -5 sfiW* 

^>©Sl*aB©*^7S*r. M^O^f^R^, 0. 1 mm — 
0. 5mmtl)^ Ox,n<DJ!#.te:3 5 0 ^m— 5 0 0 
urn (0. 5 mm) X$>Z> 0 

[00 4 0] 5 00 /i mT*ft«, R = 2 5 0 /i m^T 
tt^naOWrffifHttta, R^100ym-2 5 0^m 
©i*tt±T»ec^»UfcffiiIRO ttcS. R3W2 50M 
m-5 0 0 mn/ci^aiigit^ifWWS, El 

1 lOcfc^ttllKTSfiEECCioTGaN^x^crjHa 

[004 1 ] Si, GaAsiO 

osu^tte<*s©Ti^naTMTt>j:<^a. n^<b 

TZ>tcmmm* \ 0 lo - 1 0 2 0 cm" 3 II&F- 

[0 04 2] [3. ^fflCCOF^rflWcGaN^x^ 
(04) ] cMt*Iffli-r4aWTRJBcr)GaN->x^ 
<DJiUitc*4 {1-10 0} ffiteWtt^JB*tt?)IKO 
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^illit^GaN^x^ (0 00 1 ) <Djaf&g|Uct£ 

mmm d-ioo) *s&£ 0 «t^inj«scuc6 o* <o 

[0 04 3] CtlliGaA s (111) ffi«<7)_rJCEL 
O&X'G aLN*mm&£X*r&&$ii\ GaAs» 

H (1-100) , (01-10), (-1010) 10 
t££<OW\X&& 0 2 ^>^ttf&<DGaN£x^rftft 
KCDBSttl 0^2 0mmIS"C*5. WtKl 6 

[0044] L DOSfiit-Sa^ttnScOGa Nit 
?>/c*^10 ,8 - 1 0 2 0 cm- 3 K-7*-r£o 

[0045] [ 4 . ^rafflccis^s^tt: o f 20 
/cGaN'jxA (115) ] cmzmmtvzmm-epiB 

<DGaN£x^©jg»K:ft£ {1 1-20} UOC^tf^ 
SOfeW cI^Sglit^Ga N^x^ (0 0 0 

1 ) ommmammm [ 1 - 1 0 0 j m$m 

tcH£T*:£l5ltf (1 1-20} 

[0 04 6] { 1 1 -20} i>m*(teo' ooftfg&fr 
/vz>«acc«:6 r><Dmmm.3m&$>z> 9 cnummcm 

(11-20); (-2110), (1-210) 
tt£<DS3-C&6. 2 ^>^ilM<DGaN9x^rftft 

K©fiSII 10-2 0 mmiSr*5„ L D (DSI5 
(bf^Ji^Wn S!OG a N <b1"^/c&if ^ 10 1 8 - 
1 0 2 0 cm" 3 F-^^ 0 J/i;a>fit£fcK-^lc 
mt> ft £ . BBR ttffifW* *E>4>A& mUtfflJ L # *i ft: I - 

[0047] 

CUttM] ^»J3<DGaN^x^^ tnishxmmttott AO 
ffiJI5tRffliaiffiIR0*ffl^c4><Dr*5. ( 1 1 1 ) Ga 
AslfS©J:(CS^©7^^^t (ELOS) JS 
tffibTGaN«?HgtHVPEffi*Cj;oTCffi (00 0 

1 <D±lt G a N 2 *5{SJS 3 tl/c 2 MftfiO fe<D*Jffii?>ft 
[0 04 8] G a A s Sffi 1 ^E*r x 7 f > 

s. *rsiGaN#ss2<7>iis:j«3&sf#?»n^. cnttn 
no 3 ij^f^rxb & & h m 8 <D j: 5 annst 5 «ss 4 50 
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ftrF]JF?<DG a N ^x;n 5 <t &3. Cti6©S3Rt5{Btt2|s: 

cdg a n ^^<Dmm^cswx^ft^mmi^m^ 

[0049]f7 tJ*±^G a NW«*jR««SfiStf 
&Sfffi<bOTtt, HVPEffi F^ FSWB0K 
v£: Hydride Vapor Phase Epitaxy) , MOCffi (W^ 
^JStSft^tfBJ&Bffi : Metallorganic Chloride Vapor 

Phase Epitaxy) , MOCVDfe <#«£IWfcS*K£lffl 
Ji£H:V£ : Metal 1 organic Chemical Vapor Depositio 
n) % (Sublimation Method) #£>& 0 {uJtlirtr 

«>k: ra A ^ ft a . « fe * < ^ ti ^orao 

[0 050] **9J#*ttH V P Effi£jH-& 0 mmSM, 
(DSr^<mWS H Q B ^^^/c^(CHVPEft^:ffl^5„ 

[HVPES] tt»©«PrtC!>±^r(CGalHBR*Atl^:G 
a «K- F 4R» & c ^ft-c G a F ©jiHFteiaiBMfc: 

i: o r ii§^ s fttcv*> v % *wttt &«> -s-fe £ glBcw 

2 >T >er-scD (1 1 DGaAs MSStfx^j&a^ . 
^©±#(D;tf*^S;fe6, **+ffl^bJcJRy/X«:Ga 
F^C^rPX#fm^o 2Ga+2HCl— 2Ga 

c i +h 2 osjfe^ec*. ttfbtfy$Att*/x«£& 

«^*aR+T>*^T*f^3Wq>C#ftW6*l4. NH, + 
GaC HGaN + HC 1 +H a <DJ5J&#jt§ t o G 
a A s S^±^ G a N ^aWMT 5 tl ^> . 
[0 05 1 ] CtittWAtt*»fHa«6!) 
0-78333^ 
1 0- 1 8 344 6-^ («M2 0 0 0-222 

1 2) 

(10) ^I5yW 1 0 - 1 7 1 276f <WH2 0 0 0 - 1 2 
9 0 0) 

[0 05 2] [ ELOffi (Epitaxial Lateral Overgrow 
th) ] Ga A s*tE<D±^cliKfiSi±-5(OW*;5£?BS6© 

G a A s Sft±CCG a N*fltfiS «eS38KW 3 0 ^^>i)u 

[0 05 3] GaAs««0[>±«CGaN»)H*lSfiS-e 

^^(SiN, Si0 2 )^GaAslI(cWm^ 
l&&mCXG a NtSSSSfeSLCCfiJEfiS 1*4 it^ELO 
m&mR2fttcfclbX$>2> 0 E L Oi£©»*0Itt±S2<D® 

[0 0 54] ft-5>^«*ffel!8^6(D 

(11) 'l»9- 2 9 8 30 0^ 



(7) 

U 

02^mmw- 10-9008-^ 

[0 05 5] GaNttAMT*^^^, ^^r^tlCC^ 

(Ml, mm) £S5^~r<s 0 -7xz>B&izmz-\£i 

OOnm (0. 1 urn) T*££„ ^Cc^G a N#tf(£ 

[005 6] cn^tL«Wtefir/SS§L>^ G famzifc 10 
:R:£frte{i|itf & 0 Sffi^66T^t^r Ga N/&S&m£ 
GaNJl^vx^if^ffix.^<bl^l«JCCvx^ 

o r sa^nninj cc & iEAffi ^ttcctssipj £ rJEfi u fc 
G a N #m&&fr ?> J&R IfctOi ffl^-T & o Isft lit H 

E L O mt *<D J: 5 & SSfi^S: fi« S S 
£>9. CtlCCcfco^7Jd6-CGa A slfi^GaNl^ 

[0 05 7 ] U^5iil^tfcGaAsIfi«o 

fe^i UTf7 y 1-&»t££ G a N J&R S ttr I > 

ffi*>6«t* 1/cG a N^t/t L« < <Z)|lfl/ttttNI 

CuyBBPF 1 1 -2 7 38 8 2^ (m%2 0 0 1 - 1 0 
2 3 07) CCS?hn,»4. 30 
[0 05 8] [KSK-^(nISt<bt^(C) ] 
naafiGaNilOWCftir^aoft^o/cCDr 

WWjce>J5:U, ^7-ftlGaN-LEDTtn 

IK^O h i btSffl^n/^ WS i T$>o/c 0 S> 
5>#* (S i<D7k^b^X) ^AlTGaNIflg 
(0.01 jum^MmfllScDi?^) dCnm&^^m 

[0 059] ^^>^«<B:B^3ftWt»CDT?«t>i3(c» 40 

[0060] avm&w- 11-144151-* mm 2 

000-44400) 

fr-o1t<DWim&tfl*>& 9 V? t -f ^ : M{R<D_hdC G a N 
9HR«X&g £ # & <L * te^? r -f ^2S1S/j5 c MSftr^, 
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[0061] &m}%&<DWPZte£-*x&fr^icc±T? 
h i> f)K c MCC KBBRttA o r «> l > <h t,> 5 t± w# * 

ft $ 4<t7r^c ffijfifi <M2"Cl > /c*> 6 

miiAffl {1 1-20} ^MM {1-100} , 
&£t»«:Cti;^6ffl*40fcAM {1 1 - 2m} *^Mnu 

[0 062] (15)^2 001-113872-^ 

[0 06 3 ] C©J;^at2 >^S(Dj8Bjj^ (0 0 

0 1) M*fc^7v^Hl(DGaN»JX7>/j^#6ti'5. MIS 

[0 064] 36CC§|B€ffi (MM) { 1 ~ 1 0 0 } CCO 
F^rAn^o **W**tiii£X*F£IGj (Affl) (1 1 
-2 0} tcOF^An^ 0 3 6fc(i|Rffii<bliiBf*E»iJ-r 

htc&ttc, msoxsicm iof <bH2 0F£ta:w£c 

[006 5] 

Cai8<OS5S*] fi£5RG a N - L E DOKtRfctU^ x ^ 
^U6tlTC^c 0 GaN-LDW^r-fHSfii 
L/cfe<Z)^Hafg^tirt^ 0 GaN-LDffl 
oitKi Unify t A ^OS^J: 0 Wffl^cG a 

GaN#»SB«»$GaNIK©L 

Ch*r*attiS|JWF«^ftC»Cit*0 1 0mm 
- 1 8 mmft?Sl£©tgJB'? J./%3&s||Si^ffJCcf^6nr l> 

[006 6] <fcC63&s*»W#6<D?5Ak:J:or % HV 
PEStELOSi^ «L^3b ^DSIffl ^ THES ^ i± 
^CttCcfc^r 2-T>^ (52mm) fSSOOPJJKGaN 
^x^^Jt-C#^>J:5CC^:^r^/co G a A s (1 1 

1 ) SK±CC , «tH«affi«: J: oTG a N * J&R $ # G 
aAs*I»ir^CiK:J:otifefiKiLTGaN^x 

^* H»-i*off»-r*. GaN^x/Ntj^r^orpoij 
tt**w < * & «wi t cfc ^ t aaaiw an 
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[0067] ?8i>«r*oT®?a"c*s^6Tiit*saa 
pm^m$>6mtmmw(om^, g a n o ±^<dwh± 

3PJ<D9x^£MIR9T5<fc, -ecDJ:^ttta*W^3C)5 

[0068 ] I— a N2S 

GaN-LEDWaN-LD^lSUnni (#v 

[0069] G a Nffl-ffitC^ {1-100} ffi#?BH6& 
iW^t. GaN3i^K±CCiSS^1±^ S-ft'-gJ^SB 
fti9Bt (AlGaN, InGaN, AlInGaNft 

[0 070] 2fffi#£ < |5j— T^s/cwr ft < 
*fr * *x e * * s> + ;ufiS-s*c a as <b 

BHT S i WK & *<D»BBffir«|»r S ft * C £ fc tt g| 

[HI] PKcMIl/cA^(DGaN (Sft//U 
CH2 ] SRJT c WgL/iiA^OG a N x a0)|] 
[03] ait cI«fib&A*a©G a N ■JxA^Jg 

m^ntcmysik (kimo) icte^xmmn^&sm 

[04] mW~C cOtifeR ly/cA^ftCDGaN^x/NCO— 
0<D»BBffif (1-10 0) CC*jC4rJ9*MB<Z)^»«R»ft: 
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* «J 0 i «3 glBSffir* &?5vh ffi*J&l& 1/cGaN^x 

[05] aWrcBHJSSfi0to?A^rfl©GaN«5x^<D» 
RBIi(CiS£"r&— ooi ( l 1-20) CcfectTjSURfls 
<D^B%m*ty *)tK> ttBBBSBffr * 3 ? •> h » 

[06] (1) ttWrcKSU/o^OGaN^ 
x^©}gS3ftfcn3#{S[ (k 1 mO) &cfeUTE3Jf2g|$# 

10 fi(stuO) CC^^r^^g^^^i^T^E^^ 
•> hU%Bl&LtcG a. N't? ^^(DW-Wm* (2) 

— Wr* o k ^kjh ( x _ ! o o ) Kifg l y ? v hsu 

(11-20) CC02 7 ^ 9 hS|S£:JgJiXU/cGa N 

^X^(7)^ffi]0o 

[07 ] TOfJcD ( 1 1 1 ) G a A sHtR<D_Bc % tvfB/# 

fi&iCJ:-^ ra^GaN^ a B H ^siio/dje^^ 

1TKM0O GaN8S©«I^Wft^^ 0 
[08 ] =Plf ^ifOHffi* fcoG a N*SH*. HEfiSS 

20 -r^FtSia. 

[0 9 ] ja*i«|5£MCTBiJLfc^ 
aN^x>^ttrrnu0o 

[01 0] R0©GaN^x^©Jg|»SPCD*Bul»J<!:«ia 
XfM^^ITrM0o 

[0in mz®G&NVx^(Dfflmu%:* wthm&ft 

oHISBtECC J; ^ r PEN 0 RIBI& 0 T £Xg*7jrri!rriH 
0o 

[012] ^«?ggstiiiS©%^jijS4^rj4taH B 

[114]gl^'^A (GaN) ©te^Ha&Jn-Tfcl 

0119. 

[f9W©KW] 

1 G a A s 

2 GaN*Sfi 

3 JUM 

4 BiS 

5 G a N'^xa 

6 GaN')XA 
40 7 JSE 

8 EMstt 

9 GaN^x^ 

1 0 skb 
< i i seu 



[09] 



C9) 
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IH4] 




[05] 



XT 




[06] 



[07] 



C l ) 




[111] 



'11 




13*- 



[08] [BIO] 




(10) *SBB 2 0 0 2 - 3 5 6 3 9 8 



[112] [H13] 

* 7s ik m & m m ^r^^^mm 




CHI 4] 




4G077 AA02 M03 BE15 DB04 EB01 
ED06 EE07 FJ03 HA02 TB02 
TK11 



